MASTER SLAVE TYPE SCANNING FLIP FLOP CIRCUIT 
FOR HIGH SPEED OPERATION WITH REDUCED LOAD 
CAPACITY OF CLOCK CONTROLLER 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention- 

The present invention relates to a scanning flip-flop 
circuit for use as a flip-flop circuit in testing a semiconductor 
^ integrated circuit device. 

| 10 2. Description of the Related Art: 

Since semiconductor integrated circuit devices (here- 
inafter referred to as "LSI circuits") in recent years are larger 
in scale and more highly packed than before, it is impossible to 
jr: test them unless their LSI chips incorporate some design for 

TJ is making the test easier. One known method of making LSI cir- 
Q cuit tests easier is a scan path method. According to the scan 

path method, various flip-flop circuits in an LSI circuit are 
connected in a chain pattern so as to operate as a shift register, 
and, when the LSI circuit is tested, the shifting function of the 
20 shift register is used to control and observe values of the flip- 
flop circuits from outside of the LSI circuit. 

In order to test an LSI circuit according to the scan 
path method, a plurality of scanning flip-flop circuits are pro- 
vided as testing flip-flop circuits in the LSI circuit, and testing 
25 input and output terminals of the scanning flip-flop circuits 
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are connected in series to each other, making up a shift regis- 
ter. 

A scanning flip-flop circuit is a circuit having a nor- 
mal function to operate as an ordinary flip-flop circuit and 
also a scanning operation function. The scanning operation 
function allows the scanning flip-flop circuit to operate as a 
flip-flop circuit with a scan clock SC which is a testing clock 
while a scan-in signal SIN as a testing pattern signal is ap- 
plied as a data input signal. One conventional arrangement of 
such a scanning flip-flop circuit is shown in Fig. 1 of the ac- 
companying drawings. The scanning flip-flop circuit shown in 
Fig. 1 has a master- slave -type D flip-flop circuit arrange- 
ment. 

As shown in Fig. 1, the conventional scanning flip- 
flop circuit comprises master latch 1, slave latch 2, clock con- 
troller 3, scan controller 4, scan controller 5, clock controller 6, 
and scan controller 7. 

Master latch 1 temporarily holds data signal D or 
scan-in signal SIN. Slave latch 2 temporarily holds an output 
signal from master latch 1 in synchronism with clock C for 
normal operation. Clock controller 3 outputs data signal D to 
master latch 1 in synchronism with clock C. Scan controller 4 
outputs scan-in signal SIN to master latch 1 in synchronism 
with scan clock SCI. Scan controller 5 receives the output sig- 
nal from master latch 1 and outputs the received signal in syn- 
chronism with scan clock SC2. Clock controller 6 receives the 



output signal from the scan controller 5 and outputs the re- 
ceived signal to slave latch 2 in synchronism with clock C. 
Scan controller 7 outputs scan-out signal SOT which repre- 
sents a scan result in synchronism with scan clock SC2. 

A signal output from slave latch 2 is output via a 
buffer (inverter INVl) as output data Q from terminal N01. 
The signal output from scan controller 7 is output via a buffer 
(inverter INV2) as scan-output signal SOT from terminal N02. 

To master latch 1, slave latch 2, clock controller 3, 
and clock controller 6, there are connected output terminal 
P01 of inverter INV3 which inverts clock C and output termi- 
nal P02 of inverter INV4 which inverts an output clock of in- 
verter INV3. 

To master latch 1 and scan controller 4, there are 
connected input terminal H04 for inputting scan clock SCI and 
output terminal P03 of inverter INV5 which inverts scan clock 
SCI. To scan controller 5 and scan controller 7, there are con- 
nected input terminal H05 for inputting scan clock SC2 and 
output terminal CB1 of inverter INV6 which inverts scan clock 
SC2. 

Master latch 1 comprises inverter INV11, inverter 
INVl 2 for inverting an output signal from inverter INV11, and 
transfer gates TGll, TG12 inserted in series between the out- 
put terminal of inverter INVl 2 and the input terminal of in- 
verter INV11. To transfer gate TGll, there are connected out- 
put terminal P01 of inverter INV3 and output terminal P02 of 



of inverter INV4. To transfer gate TGI 2, there are connected 
terminal H04 and output terminal P03 of inverter INV5. 

Slave latch 2 comprises inverter INV21, inverter 
INV22 for inverting an output signal from inverter INV21, and 
transfer gate TG21 inserted between the output terminal of 
inverter INV22 and the input terminal of inverter INV21. To 
transfer gate TG21, there are connected output terminal P01 
of inverter INV3 and output terminal P02 of inverter INV4. 

Clock controller 3 comprises inverter INV31 for in- 
verting data signal D and transfer gate TG31 which is turned 
on and off in synchronism with clock C. To transfer gate TG31, 
there are connected output terminal P01 of inverter INV3 and 
output terminal P02 of Inverter INV4. 

Scan controller 4 has transfer gate TG41 which is 
supplied with scan-in signal SIN and turned on and off in syn- 
chronism with scan clock SCI. To transfer gate TG41, there 
are connected terminal H04 and output terminal P03 of in- 
verter INV5. 

Scan controller 5 has transfer gate TG51 which is 
supplied with the output signal from master latch 1 and 
turned on and off in synchronism with scan clock SC2. To 
transfer gate TG51, there are connected terminal H05 and 
output terminal CBl of inverter INV6. 

Clock controller 6 has transfer gate TG61 which is 
supplied with the output signal from scan controller 5 and 
turned on and off in synchronism with clock C. To transfer 
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gate TG61, there are connected output terminal P01 of in- 
verter INV3 and output terminal P02 of inverter INV4. 

Scan controller 7 has transfer gate TG71 which is 
supplied with the output signal from clock controller 6 and 
turned on and off in synchronism with scan clock SC2. To 
transfer gate TG71, there are connected terminal H05 and out- 
put terminal CB1 of inverter INV6. 

Each of the transfer gates comprises a PMOS transis- 
tor and an NMOS transistor whose sources and drains are con- 
nected in common, and operates as a switch that is turned on 
and off depending on a control signal applied to the gates of 
the PMOS transistor and the NMOS transistor. 

Operation of the conventional scanning flip-flop cir- 
cuit shown in FIG. 1 will be described below. 

In a normal mode of operation of the scanning flip- 
flop circuit shown in FIG. 1, scan clock SCI is kept at L level 
and scan clock SC2 is kept at H level. Therefore, transfer gate 
TGI 2 of master latch 1 and transfer gate TG51 of scan control- 
ler 5 are kept in ON state, and transfer gate TG41 of scan con- 
troller 4 and transfer gate TG71 of scan controller 7 are kept 
in OFF state. 

When data signal D of H or L level is supplied from 
terminal HOI and clock C goes high, transfer gate TG31 of 
clock controller 3 is turned on, supplying data signal D to mas- 
ter latch 1. 



In master latch 1, the signal received from clock con- 
troller 3 is inverted by inverter INV1 1 and output to scan con- 
troller 5. Since transfer gate TG51 of scan controller 5 is kept 
in ON state, as described above, the output signal from master 
5 latch 1 is applied as it is to clock signal 6. Because transfer 
gate TG61 is turned off when clock C goes low (L level), clock 
controller 6 outputs nothing. 

When clock C goes high, because transfer gate TG31 

I,* is turned off, clock controller 3 stops outputting the data to 

O 

p 10 master latch 1. 
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jjj In master latch 1, transfer gate TGll is turned on in 
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HI synchronism with the falling edge of clock C, feeding back the 
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s output signal of inverter INV12 via transfer gates TGll, TG12 

y. 

py to the input terminal of inverter INV11. Therefore, the output 

5 15 signal from master latch 1 is kept at the value (H level or L 
p level) when clock C is at L level. 

When clock C goes high, transfer gate TG61 of clock 
controller 6 is turned on. Thus, clock controller 6 outputs the 
signal received from scan controller 5 to slave latch 2. 
20 Inverter INV21 of slave latch 2 inverts the signal re- 

ceived from clock controller 6, and outputs the inverted signal. 
Terminal N01 outputs the signal from slave latch 2 which is 
inverted by inverter INV1. 

When clock C goes low again, since transfer gate 
25 TG61 of clock controller 6 is turned off again, clock controller 6 
stops outputting the data to slave latch 2. 
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In slave latch 2, transfer gate TG21 is turned on, 
feeding back the output signal of inverter INV22 via transfer 
gate TG21 to the input terminal of inverter INV21. Therefore, 
the output signal from slave latch 2 is kept at the value (H 
level or L level) when clock C is at L level. 

In a scan mode of operation of the scanning flip-flop 
circuit shown in Fig. 1, since clock C is kept at H level, trans- 
fer gate TGll of master latch 1 and transfer gate TG61 of 
clock controller 6 are kept in ON state, and transfer gate TG31 
of clock controller 3 and transfer gate TG21 of slave latch 2 are 
kept in OFF state. 

When scan-in signal of H or L level is supplied from 
terminal H03 and scan clock SCI goes high, since transfer gate 
TG41 of scan controller 4 is turned on, scan controller 4 out- 
puts scan-in signal SIN from terminal H03 to master latch 1. 

In master latch 1, the signal received from scan con- 
troller 4 is inverted by inverter INV11 and output to scan con- 
troller 5. 

Since scan clock SC2 is at L level and transfer gate 
TG51 is turned off, scan controller 5 outputs nothing. 

When scan clock SCI goes low, because transfer gate 
TG41 is turned off, scan controller 4 stops outputting the data 
to master latch 1. 

In master latch 1, when scan clock SCI goes low, 
transfer gate TGll is turned on, feeding back the output sig- 
nal of inverter INV12 via transfer gates TGll, TG12 to the in- 



put terminal of inverter INV11. Therefore, the output signal 
from master latch 1 is kept at the value (H level or L level) 
when clock C is at H level. 

When scan clock SC2 goes high, since transfer gate 
TG51 is turned on, scan controller 5 outputs the data received 
from master latch 1 to clock controller 6. 

Since transfer gate TG61 of clock controller 6 is kept 
in ON state, clock controller 6 outputs the signal received from 
scan controller 5 as it is to slave latch 2 and scan controller 7. 

Inverter INV21 of slave latch 2 inverts the data re- 
ceived from clock controller 6 and outputs the inverted signal. 

Because transfer gate TG71 is turned off, scan con- 
troller 7 outputs nothing. 

When scan clock SC2 goes low, because transfer gate 
TG51 is turned off, scan controller 5 stops outputting the data 
to clock controller 6. 

When scan clock SC2 goes low, transfer gate TG71 of 
scan controller 7 is turned on, feeding back the output signal of 
inverter INV22 via transfer gate TG71 to the input terminal of 
inverter INV21. Therefore, scan controller 7 keeps the output 
signal at the value (H level or L level) when scan clock SC is at 
H level. 

The details of the above operation are set forth in a 
truth table shown in Fig. 2 of the accompanying drawings. 

In Fig. 2, "X" represents an undefined state, the ar- 
rows the rising of the clock, "QB" the inversion of "Q", "SINB" 
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the inversion of "SIN", "NORMAL" the normal mode of opera- 
tion, and "SCAN SHIFT" the scan mode of operation. 

As described above, the scanning flip-flop circuit 
shown in Fig. 1 is a master-slave-type flip-flop circuit. A J- 
5 K flip-flop circuit shown in Fig. 3 of the accompanying draw- 
ings or a T flip-flop circuit shown in Fig. 4 of the accompany- 
ing drawings is also known as a master-slave-type flip-flop 
circuit. 

H- Fig. 3 shows another conventional scanning flip-flop 

O 

□ 10 circuit arrangement, which comprises a J-K flip-flop circuit, 

ru 

pj and Fig. 4 shows still another conventional scanning flip-flop 

jly circuit arrangement, which comprises a T flip-flop circuit. 

B As shown in Fig. 3, the master- slave -type J-K flip- 

flop circuit comprises master latch 11, slave latch 12, clock 
15 controller 13, scan controller 14, clock controller 16, scan con- 
P troller 17, and selector circuit 18. 

Master latch 1 1 temporarily holds data signals J, K 
or scan-in signals SINJ, SINK. Slave latch 12 temporarily 
holds an output signal from master latch 11 in synchronism 
20 with clock C for normal operation. Clock controller 13 outputs 
data signals J, K to master latch 1 1 in synchronism with clock 
C. Scan controller 14 outputs scan-in signals SINJ, SINK to 
master latch 11 in synchronism with scan clock SCI. Clock 
controller 16 receives the output signal from master latch 11 
25 and outputs the received signal in synchronism with clock C. 
Scan controller 17 outputs scan-out signal SOT which repre- 
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sents a scan result in synchronism with scan clock SC2. Selec- 
tor circuit 18 outputs either data signals J, K or scan-in sig- 
nals SINJ, SINK to master latch 11 according to test mode 
signal SMD. 

As shown in Fig. 4, the master-slave-type T flip-flop 
circuit comprises master latch 21, slave latch 22, selector cir- 
cuit 28, clock controller 23, clock controller 26, and scan 
controller 27. 

Master latch 21 temporarily holds data signal J or 
scan-in signal SIN. Slave latch 22 temporarily holds an out- 
put signal from master latch 21. Selector circuit 28 outputs ei- 
ther data signal J or scan-in signal SIN to master latch 21 ac- 
cording to test mode signal SMD. Clock controller 23 receives 
the output signal from selector circuit 28 and controls the out- 
putting of data signal J or scan-in signal SIN to master latch 

21. Clock controller 26 receives the output signal from master 
latch 21 and controls the outputting of a signal to slave latch 

22. Scan controller 27 outputs scan-out signal SOT which 
represents a scan result in synchronism with scan clock SCI. 

Each of the master latch and the slave latch of the J- 
K flip-flop circuit shown in Fig. 3 and the T flip-flop circuit 
shown in Fig. 4 comprises an RS flip-flop circuit having two 
NAND gates. Each of the clock controller, the scan controller, 
the clock controller, and the scan controller is a circuit com- 
prising logic gates including NAND gates, inverters, etc. 
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With the J-K flip-flop circuit shown in Fig. 3 and the 
T flip-flop circuit shown in Fig. 4, either the data signal or the 
scan-in signal is selected by test mode signal SMD. In a nor- 
mal mode of operation, the data signal is supplied to the mas- 
ter latch. In a scan mode of operation, the scan-in signal is 
supplied to the master latch. 

In the J-K flip-flop circuit shown in Fig. 3, data sig- 
nals J, K are introduced into master latch 1 1 in synchronism 
with a falling edge of clock C, and scan-in signals SINJ, SINK 
are introduced into master latch 11 in synchronism with a ris- 
ing edge of scan clock SCI. Scan-out signal SOT is output 
from scan controller 17 in synchronism with a rising edge of 
scan clock SC2. 

In the T flip-flop circuit shown in Fig. 4, data signal 
J or scan-in signal SIN selected by selector circuit 28 is intro- 
duced as it is into master latch 21. Scan- out signal SOT is 
output from scan controller 27 in synchronism with a rising 
edge of scan clock SCI. 

In recent years, systems such as computers or the 
like have an operating clock whose frequency is becoming 
higher and higher as the system performance increases. 
Therefore, circuit delay times of gates and flip-flop circuits as 
circuit elements of LSI circuits used in the systems need to be 
reduced. It is not preferable for the delay times to be in- 
creased by the addition of a test circuit. 



With the conventional scanning flip-flop circuit 
shown in Fig. 1, since not only inverter INV21 and transfer 
gate TG21 of slave latch 2 used in the normal mode of opera- 
tion, but also transfer gate TG71 of scan controller 7 used in 
the scan mode of operation are connected as loads to the out- 
put terminal of transfer gate TG61 of clock controller 6 which 
is connected in a signal path for the normal mode of operation, 
the load capacity of transfer gate TG61 is increased, resulting 
in an increase in the delay time. 

Similarly, with the conventional scanning flip-flop 
circuits shown in Figs. 3 and 4, not only the NAND gates of 
slave latch 12 or 22 used in the normal mode of operation, but 
also NAND gates of scan controllers 17, 27 used in the scan 
mode of operation are connected as loads to the output termi- 
nal of clock controller 16 or 26 which is connected in a signal 
path for the normal mode of operation, the load capacity of 
clock controller 16 or 26 is increased, resulting in an increase 
in the delay time. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide a scanning flip-flop circuit which is capable of operat- 
ing at a higher speed while suppressing an increase in a delay 
time that is caused by adding a testing circuit. 

According to an aspect of the present invention, a 
scanning flip-flop circuit is used to test a semiconductor inte- 
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grated circuit device, and has a master latch and a slave latch 
each for temporarily holding an input signal, a first scan con- 
troller, a clock controller, and a second scan controller. The 
scanning flip-flop circuit operates as a D flip-flop circuit. The 
5 first scan controller receives an output signal from the master 
latch and outputs the received output signal in synchronism 
with a scan clock which is a clock for testing the semiconductor 
integrated circuit device, when the semiconductor integrated 
circuit device is tested. The clock controller receives an output 
jjjj 10 signal from the first scan controller and outputs the received 
0| output signal to the slave unit in synchronism with a prede- 

termined clock when in a normal mode of operation. The sec- 

ry 

CO ond scan controller has an input terminal connected to an out- 
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put terminal of the first scan controller, and outputs a scan- 

RJ 

rU 15 out signal corresponding to a scan-in signal which is an input 

Q 

□ signal for testing the semiconductor integrated circuit device, 



in synchronism with the scan clock when the semiconductor 
integrated circuit device is tested. 

In the above scanning flip-flop circuit, since the sec- 

20 ond scan controller is connected to the output terminal of the 
first scan controller, rather than the clock controller, the load 
capacity of the clock controller connected in a signal path when 
the scanning flip-flop circuit is in the normal mode of opera- 
tion is reduced to shorten a delay time. 

25 According to another aspect of the present invention, 

a scanning flip-flop circuit is used to test a semiconductor hr 
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tegrated circuit device, and has a master latch and a slave 
latch each for temporarily holding an input signal, a clock con- 
troller, and a scan controller. The scanning flip-flop circuit 
operates as a J-K flip-flop circuit. The clock controller re- 
ceives an output signal from the master latch and outputs the 
received output signal to the slave unit in synchronism with a 
predetermined clock when in a normal mode of operation. The 
scan controller has an input terminal connected to an output 
terminal of the master latch, and outputs a scan-out signal 
corresponding to a scan-in signal which is an input signal for 
testing the semiconductor integrated circuit device, in syn- 
chronism with a scan clock which is a clock for testing the 
semiconductor integrated circuit device when the semiconduc- 
tor integrated circuit device is tested. 

According to still another aspect of the present inven- 
tion, a scanning flip-flop circuit is used to test a semiconduc- 
tor integrated circuit device, and has a master latch and a 
slave latch each for temporarily holding an input signal, a 
clock controller, and a scan controller. The scanning flip-flop 
circuit operates as a T flip-flop circuit. The clock controller 
receives an output signal from the master latch and outputs 
the received output signal to the slave unit in synchronism 
with a data signal supplied to the scanning flip-flop circuit 
when in a normal mode of operation. The scan controller has 
an input terminal connected to an output terminal of the mas- 
ter latch, and outputs a scan-out signal corresponding to a 



scan-in signal which is an input signal for testing the semi- 
conductor integrated circuit device, in synchronism with a scan 
clock which is a clock for testing the semiconductor integrated 
circuit device when the semiconductor integrated circuit device 
5 is tested. 

In the above scanning flip-flop circuits, since the 
scan controller is connected to the output terminal of the mas- 
ter latch, rather than the clock controller, the load capacity of 

the clock controller connected in a signal path when the Scan- 
ia 

S 10 ning flip-flop circuit is in the normal mode of operation is re- 

B 

W duced to shorten a delay time, therefore, the overall delay 
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4* time of the scanning flip-flop circuit is shortened. The scan- 

ty 

05 ning flip-flop circuits according to the present invention can 

5 

N 5 use many resources of conventional flip-flop circuits because 

[U 

fy 15 they do not need changes in logic operation. 

O 

p The above and other objects, features, and advan- 

tages of the present invention will become apparent from the 
following description with reference to the accompanying 
drawings which illustrate examples of the present invention. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of a conventional scanning 
flip-flop circuit; 

Fig. 2 is a truth table illustrative of operation of the 
25 scanning flip-flop circuit shown in Fig. l; 
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Fig. 3 is a block diagram of another conventional 
scanning flip-flop circuit which comprises a J-K flip-flop cir- 
cuit; 

Fig. 4 is a block diagram of still another conventional 
5 scanning flip-flop circuit which comprises a T flip-flop circuit; 

Fig. 5 is a block diagram of a scanning flip-flop cir- 
cuit according to an embodiment of the present invention; 

Fig. 6 is a block diagram of a scanning flip-flop cir- 
cuit according to another embodiment of the present invention 
g 10 which comprises a J-K flip-flop circuit; and 

Fig. 7 is a block diagram of a scanning flip-flop cir- 

ru 

=P cuit according to still another embodiment of the present in- 

RJ 

C8 vention which comprises a T flip-flop circuit. 
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rj 1 5 DETAILED DESCRIPTION OF THE PREFERRED 



EMBODIMENTS 
As shown in Fig. 5, a scanning flip-flop circuit ac- 
cording to an embodiment of the present invention comprises 
master latch 1, slave latch 2, clock controller 3, scan controller 
20 4, scan controller 5, clock controller 6, and scan controller 7. 

Master latch 1 temporarily holds data signal D or 
scan-in signal SIN. Slave latch 2 temporarily holds an output 
signal from master latch 1 in synchronism with clock C for 
normal operation. Clock controller 3 outputs data signal D to 
25 master latch 1 in synchronism with clock C. Scan controller 4 
outputs scan-in signal SIN to master latch 1 in synchronism 
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with scan clock SCl. Scan controller 5 receives the output sig- 
nal from master latch 1 and outputs the received signal in syn- 
chronism with scan clock SC2. Clock controller 6 receives the 
output signal from the scan controller 5 and outputs the re- 
ceived signal to slave latch 2 in synchronism with clock C. 
Scan controller 7 outputs scan-out signal SOT which repre- 
sents a scan result in synchronism with scan clock SC2. 

The scanning flip-flop circuit according to the pre- 
sent embodiment differs from the conventional scanning flip- 
flop circuit shown in Fig. 1 in that the input terminal of scan 
controller 7 is connected to the output terminal of scan control- 
ler 5. Other structural details of the scanning flip-flop circuit 
according to the present embodiment are identical to those of 
the conventional scanning flip-flop circuit shown in Fig. 1, and 
will not be described in detail below. 

Operation of the scanning flip-flop circuit according 
to the present embodiment will be described below. 

Generally, the delay time of a transfer gate is propor- 
tional to (the resistance value of the transfer gate when it is 
turned on) x (load capacity). Therefore, if the resistance value 
of the transfer gate is represented by R, the load capacity at 
the time the transfer gate is connected as a load by Cl, and 
the load capacity at the time an inverter is connected as a load 
by C2, then the delay time Tdl of transfer gate TG61 of clock 
controller 6 is expressed by the following equation^ 

Tdl = R x (Cl + C2) = RC1 + RC2 (l) 



# # 

The delay time Td2 of transfer gate TG61 of clock 
controller 6 in the conventional scanning flip-flop circuit 
shown in Fig. 1 is expressed by the following equation: 
Td2 = R x (2 x CI + C2) = 2RC1 + RC2 (2) 
Consequently, the delay time of clock controller 6 is 
improved by a reduction in the load capacity which results 
from the fact that transfer gate TG71 of scan controller 7 is not 
connected. 

As shown in Fig. 5, the delay time of transfer gate 
TG51 of scan controller 5 is increased as the load capacity is 
increased because not only transfer gate TG61 of clock control- 
ler 6, but also transfer gate TG71 of scan controller 7, is con- 
nected to the output terminal of transfer gate TG51. 

As described above, in a normal mode of operation of 
the scanning flip-flop circuit, data signal D that is introduced 
when clock C goes low reaches node A at the output terminal 
of scan controller 5, and, in synchronism with a rising edge of 
clock C, transfer gate TG61 of clock controller 6 is turned on, 
outputting data signal D via slave latch 2 and inverter INVl. 

Accordingly, even if a scanning circuit is added be- 
tween terminal HOI for inputting data signal D and node A, 
increasing the delay time, the delay time of the scanning flip- 
flop circuit in operation is not increased. In the conventional 
scanning flip-flop circuit shown in Fig. 1, however, if the delay 
time of transfer gate TG61 of clock controller 6 is increased, 
the delay time of the scanning flip-flop circuit is increased. 
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According to the present embodiment, therefore, the 
overall delay time of the scanning flip-flop circuit is shortened 
as the delay time that occurs until the signal from node A 
reaches output terminal N01 is shorter than with the conven- 
tional scanning flip-flop circuit shown in Fig. 1. 

Of the path from node A to output terminal N01, only 
the delay time of transfer gate TG61 according to the present 
embodiment is different from that of the conventional scan- 
ning flip-flop circuit, but the delay times of the other circuits 
of the scanning flip-flop circuit according to the present em- 
bodiment are the same as those of the conventional scanning 
flip-flop circuit. Therefore, many of design resources of the 
conventional scanning flip-flop circuit can be used. 

In the above embodiment, the master-slave-type D 
flip-flop circuit has been described as the scanning flip-flop 
circuit. However, the principles of the present invention are 
also applicable to the J-K flip-flop circuit shown in Fig. 3 and 
the T flip-flop circuit shown in Fig. 4 to achieve the same ad- 
vantages as those of the present embodiment insofar as they 
are of the master-slave type. 

Fig. 6 shows in block form a scanning flip-flop circuit 
according to another embodiment of the present invention 
which comprises a J-K flip-flop circuit. Fig. 7 shows in block 
form a scanning flip-flop circuit according to still another em- 
bodiment of the present invention which comprises a T flip- 
flop circuit. 
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As shown in Figs. 6 and 7, scan controllers 17, 27 
which have heretofore been connected as loads of clock control- 
lers 16, 26 are connected as loads of master latches 11, 21 for 
thereby reducing the load capacities of clock controllers 16, 26 
5 that are connected in the signal path for normal operation to 
make the delay time caused until the signal from the input 
terminals of clock controllers 16, 26 reaches output terminal 
N01, shorter than with the conventional scanning flip-flop cir- 
cuit. As a result, the overall delay time of the scanning flip— 

O 10 flop circuit can be reduced. 

Q 

0J While preferred embodiments of the present inven- 
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^ tion have been described using specific terms, such description 
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m is for illustrative purposes only, and it is to be understood that 
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M> changes and variations may be made without departing from 

fU 

fU 15 the spirit or scope of the following claims. 
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